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Wildlife Biology

Multi-scale effects of forest roads on Black Bears (Ursus americanus)
Dr. Michael Mitchell
As the vast network of roads continues to expand across the continent, so too does the
necessity to understand the associated ecological effects. To appropriately assess the
impacts of these roads on wildlife it is necessary to evaluate how they affect ecological
processes at multiple spatial and temporal scales. In particular, where hunting is
associated with road access, roads may induce heightened behavioral responses. I
assessed the effects of forest roads on habitat selection and activity patterns of a
population of black bears (Ursus americanus) in the Coeur d’Alene Mountains of
northern Idaho, USA. This black bear population is exposed to high hunting and
recreational pressure facilitated by a dense network of forest roads and its close proximity
to Coeur d’Alene, Idaho and Spokane, Washington. Current hunting season structure
allows for use of bait and dogs in spring and portions of the fall seasons, with an
additional non-lethal summer pursuit season. I used Global Positioning Systems (GPS)
locations collected at 20 minute intervals from 25 collared adult bears from June 1 2007
through November 2008 to elucidate the multi-scale effects of roads on black bear habitat
selection, activity patterns and movement rates. I hypothesized that the effects of roads
on black bears would be scale dependent, such that at larger spatial and temporal scales
roads would have little effect on habitat use, whereas at finer spatiotemporal scales
habitat selection, behavior and movement rates of black bears would be affected by roads
as traffic volumes increased. While habitat selection varied by month as well as by
gender, selection for features presumably associated with risk (canopy cover and distance
to roads) and activity patterns near roads illuminated an apparent trade-off between the
costs and benefits associated with spending time near roads. This work suggest that
although areas adjacent to roads likely contain resources desirable to bears, the risks
associated with these areas require them adjust their use of and activity patterns within
these areas so as to minimize mortality risk. Manipulation of road access and season
dates may be a useful management tool to affect the vulnerability of bears to hunter
harvest.
Key Words Activity patterns, black bears, habitat, home range, Idaho, management, risk,
roads, scale, selection.
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INTRODUCTION
As human populations continue to expand numerically and geographically, so too do the areas
and number of species affected by humans. One major aspect of human expansion is the
immense network of roads that cover the United States, the volume of traffic on these roads, and
the areas and natural resources they access (e.g. Forman 2000, Forman and Deblinger 2000). At
low densities, closed roads and roads with low traffic volumes can have positive effects on
wildlife as travel corridors (e.g., Thurber et al. 1994) and because food resources frequently
occur along them (e.g., Unsworth et al. 1989, Reynolds-Hogland and Mitchell 2007a). As road
density and traffic volumes increase, however, so too do the risks associated with roads. With an
estimated 1 million vertebrates killed on roads each day in the U.S., this form of direct mortality
is perhaps the most noticeable effect of roads associated with wildlife (Forman and Alexander
1998). In addition to these direct mortalities, however, access to hunters and poachers, habitat
loss, fragmentation, and alteration, are all factors associated with roads that can extend the
ecological effects of roads far beyond actual roads and roadsides (Forman and Alexander 1998,
Trombulak and Frissell 2000). When put in the context of the 6.2 million km of public roads in
this country, these ecological effects reach an estimated 22% of the contiguous United States
(Forman 2000). With such a large area affected by roads, the ecological effects of these roads on
wildlife and their associated habitats are of considerable interest to wildlife managers and
biologists (Forman and Alexander 1998).
Beyond vehicle related mortality, frequent attention has been given to several ways roads
primarily affect wildlife, particularly the effects of direct and indirect mortality and habitat
fragmentation on populations (e.g., Groot Bruinderink and Hazebroek 1996, Mumme et al. 2000,
Aresco 2005) and the effects of roads on distribution, spatial use and habitat selection (e.g., Lyon
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1979, Mace et al. 1996, Roever et al. 2008). Less is known however, about the fine-scale
behavioral responses of animals to roads and the adjacent areas (Kramer-Shadt et al. 2004,
Hebblewhite and Merrill 2008). These responses may be important, especially in areas of high
road density where animals are not able to avoid roads altogether or where animals are required
to cross or spend time near roads to gain access to important resources. Even in situations where
habitat remains largely intact, risks associated with using an area may increase, and cause
behavioral alterations such as animals using or crossing roads at different times of day or at
different times of the year (Kilgo et al. 1998, Glueck et al. 1988), use of roads by different age
and sex classes than would otherwise be expected (McLellan and Shackleton 1988), or decreased
use, or overall avoidance of areas adjacent to roads (e.g., Fecske et al. 2002, Wielgus et al.
2002). In these cases, habitat may appear to remain intact, but whatever value that habitat had for
the animal may be lost, equating to functional habitat loss. If these functions included productive
foraging, necessary cover, or other vital resources, the results of functional habitat loss may be
demographically harmful (Lyon 1979, Dyer et al. 2001, Johnson et al. 2004, Seip et al. 2006).
Avoidance of areas and displacement due to roads have been well documented for a wide
variety of species (e.g., elk [Cervus elaphus], Lyon 1979; grizzly bears, [U. arctos], Mace et al.
1996; wolves, [Canis lupis], Whittington et al. 2005; Caribou, [Rangifer tarundus], Seip et al.
2006). Furthermore, overall mortality for many species has been shown to increase with
proximity to and proportion of time spent near roads (Frair et al. 2008). In northern Idaho, Hayes
et al. (2002) concluded that elk harvest correlated directly with the density of both open and
closed roads. Within the Greater Yellowstone Ecosystem, Craighead (2002, unpublished report
for the Yellowstone to Yukon Conservation Initiative) reported that over 70% of grizzly bear
mortalities occurred within 3 kilometers of primary, and 1.5 kilometers of secondary roads, and
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Manville (1983) found hunting pressure on and harvest rates of black bears to be heavier in areas
of higher road densities. If increased mortality rates associated with roads cause increased
vigilance, animals may be forced to decide between acquisition of resources, and increased risk
of mortality (Frid and Dill 2002).
Previous studies have assessed the effects of increased mortality risks on various
behavioral components, including activity patterns, movement rates, and foraging efficiency
(e.g., Abrams 1991, Werner and Anholt 1993, Friar et al. 2007). Habitat selection, which takes
into account used versus available resources as well as the risks and costs associated with
obtaining them, incorporates all of these components (Rosenzweig 1981, Manly et al. 2002). To
understand this process, including the effects of roads, two major issues that challenge many
ecological studies must first be considered: what defines habitat for the species in question, and
what are the appropriate spatiotemporal scales at which the research should be conducted (Wiens
1989, Reynolds-Hogland and Mitchell 2007b, Mitchell and Hebblewhite 2012). For wide
ranging (i.e., landscape) species that rely on a heterogeneous mix of resources as opposed to
specified habitat types, it is key not only to assess what resources are important, but also how
these resources are linked across spatial and temporal scales and what the associated costs may
be. If an inappropriate scale is selected when trying to assess how these resources are used or
linked together, important ecological processes may be misinterpreted or missed all together
(e.g., Wiens 1989).
Black bears are often described as habitat generalists, and are considered one of the more
adaptable species to human disturbances (Pelton 2000, Kunkel 2003). Despite this adaptability,
phenology of food resources, availability of water, and access to escape cover have been found
to be consistently important (Beecham and Rohlman 1994, Lindzey and Meslow 1997, Powell et
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al. 1997, Lyons et al. 2003), and increasing road densities and traffic volumes are of growing
concern across their range (Garshelis et al. 2007). Because the importance and location of these
features as well as access to these features likely differ across spatial and temporal scales,
analyses of their use by black bears should be conducted at multiple scales as well (O’Neill, et al.
1988, Boyce 2006, Reynolds-Hogland and Mitchell 2007a). For black bears, most aspects of
reproduction; male dominance, age at first reproduction, frequency of reproduction, timing of
estrous, number of offspring produced, and initial cub survival, are linked to storage of fats and
proteins throughout the 6-8 months of the year they are active (Rogers 1976, Elowe and Dodge
1989, Schoen 1990, Stringham 1990, Kovach and Powell 2003). Due to this reliance on forage
quality, shifts in food availability throughout the year has been shown to be a primary driver of
habitat selection (Unsworth et al. 1989, Schoen 1990, Beecham and Rohlman 1994, Lindzey and
Meslow 1997, Samson and Huot 1998, Lyons et al. 2003, Gaines et al. 2005). This focus on food
becomes even more prevalent in late summer and early fall, when bears exhibit hyperphagia.
This period of dramatically increased feeding, in which caloric intake can go from 5,000-8,000
kcal per day during normal summer behavior to 15,000-20,000 kcal per day, is crucial in survival
and reproductive success (Nelson et al. 1983). This peak in foraging has also been shown to
often include a shift from primarily crepuscular behavior to crepuscular and diurnal behavior
(Amstrup and Beecham 1976, Garshelis and Pelton 1980, Lariviere et al. 1994). With these
temporal and spatial increases in activity comes an increased likelihood of encounters with
humans, and therefore increased mortality risk (Schoen 1990). Consequently, despite the
importance of productive forage and the frequency of food resources along or near roads, Young
and Beecham (1986), Unsworth et al. (1989), and Reynolds-Hogland and Mitchell (2007a) all
reported black bears avoiding areas adjacent to roads in the summer and fall. This represents a
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common ecological tradeoff, in which bears are forced to choose between access to vital
resources and mortality risk (Abrams 1991, Werner and Anholt 1993, Frid and Dill 2002).
The population of black bears in the Coeur d’Alene Mountains of northern Idaho is
potentially affected by high road densities and high recreational traffic volumes due to its
proximity to the population centers of Coeur d’Alene, Idaho and Spokane, Washington. Bears
within this area (Game Management Units [GMUs] 4 and 4A) are also subject to heavy hunting
pressure including the permitted use of hounds and bait for portions of the spring and fall bear
hunting seasons as well as non-lethal summer pursuit season (IDFG 1998). With the use of
hounds prohibited for use in hunting bears in GMU 1 to the north and hounds and bait prohibited
in the surrounding states of Montana and Washington, this area likely attracts hunters from these
surrounding areas. Because roads within the study area frequently occur along riparian areas,
ridges, and open areas (e.g., old logged areas), they are often adjacent to seasonal foraging areas
for black bears. Both bait stations and hound hunting are often closely tied to road access,
contributing to a likely increase in traffic volumes on roads within this area during hunting
seasons and increasing the chance of exposure to humans on and around these roads during
important periods of weight gain for black bears. Therefore, the location and density of roads
within my study area, combined with increased traffic volumes during hunting seasons may
require bears to alter their behavior in order to minimize risks associated with roads while still
achieving and maintaining necessary body condition (Elow and Dodge 1989, Stringham 1990).
The goals of my research, therefore, were to assess habitat selection of black bears in a heavily
roaded area, determine if this selection process was affected by roads, and ascertain if increasing
traffic volumes associated with hunting seasons affected habitat selection, behavior and
movement rates of black bears.
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Previous work on habitat use by black bears in north Idaho indicates that canopy cover,
elevation, terrain, and distance to water are important to bears depending on activity and season
(e.g. Beecham and Rohlman 1994, Lindzey and Meslow 1997, Lyons et al. 2003, Gaines et al.
2005, Lewis 2007). Because the importance of these characteristics has been well established
throughout most of their range, I included them in my model building process. Most research on
black bears that has included temporal variation in habitat selection has divided the year into
either 2 or 3 seasons, often corresponding with rough estimates of phenology fruit producing
shrubs, breeding season, or hunting seasons (e.g., Unsworth et al. 1989, Schoen 1990, Beecham
and Rohlman 1994, Samson and Huot 1998). With the inexact timing of both berry productivity
and breeding season, especially across a 2 year study, as well as different hunting seasons
depending on method of take, I conducted my analyses by month to minimize overlapping
temporal events (e.g., berries ripening in June one year and July the next, archery season starting
in late August and general hunting season starting in early October). To therefore assessed the
function of roads in habitat selection and activity patterns in a hierarchical manner, at multiple
nested scales (Dickson and Beier 2002, Boyce et al. 2002, Compton et al. 2002, Lyons et al.
2003, Anderson et al. 2005). I assessed the effects of roads on selection of annual home ranges
(2nd order; Johnson 1980) and selection of resources within home ranges (3rd order) on an annual
basis as well as by month and daily activity period (crepuscular, diurnal, nocturnal). I
hypothesized that factors associated to mortality risk (cover and distance to roads) would vary
throughout the course of the year, but that roads were too widespread within the study area to be
avoided on an annual basis by all bears. I therefore predicted that 2nd order selection by males
would be unaffected by road density. Females, however, tend to have much smaller home ranges
and be more sensitive to disturbances than males (e.g. Bunnell and Tait 1985, Young and
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Beecham 1986, Reynolds-Hogland and Mitchell 2007a), thus I predicted that females would
choose areas of lower road density when selecting home ranges. This would be contrary to the
findings of Lewis (2007), who found female black bears used forest roads in proportion to
availability throughout the year in home range selection in Purcell Mountains further north in the
Idaho Panhandle. In that portion of Idaho, however, neither bait nor hounds are permitted for
hunting bears, whereas both baiting and hounds were permitted during spring and fall within my
study area along with a summer pursuit season (IDFG 2008). Similarly, I predicted distance to
roads would not be a factor in annual 3rd order selection by males, whereas females would
choose areas further from roads on an annual basis. I predicted that black bears would show
varying responses to canopy cover and roads in monthly 3rd order habitat selection based on food
productivity and traffic volume. Several studies have suggested that while canopy cover does
provide escape cover for bears (Lindzey Meslow 1977, Young and Beecham 1983, Rogers and
Allen 1987), it may also limit food productivity (Rogers and Allen 1987). I therefore predicted
that bears black bears would continue to select for open habitats at some point in the day
throughout the year because of food resources. As traffic volumes increased (e.g., daylight hours
during hunting seasons), however, I predicted bears would use areas of open canopy further from
roads or at night to minimize potential risks associated with roads. Similarly, I predicted that
areas near roads would be avoided when traffic volumes increased, or be used in conjunction
with dense canopy cover so as to gain added security (Mysterud and Ims 1998, Hebblewhite and
Merrill 2008).
In addition to seasonal shifts in habitat selection, bears have been shown to exhibit
seasonal shifts in movement rates and activity patterns. Bears are believed to be less active and
crepuscular in early spring, more active and diurnal throughout summer and early fall with a
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peak in activity in June and July associated with the onset of breeding season as well as the
ripening of primary food resources (e.g. Amstrup and Beecham 1976, Beecham and Rohlman
1994, Pelton 2000). In eastern portions of the US, where food resources are considered more
diverse and plentiful, bears have been shown to increase overall activity throughout hyperphagia
(Garshelis and Pelton 1980, Garshelis et al. 1983, Lariviere et al. 1994, Pelton 2000). In the
western US, where food resources are more limited, bears have been shown to remain mostly
crepuscular and diurnal throughout the summer and fall, and decrease activity earlier in the fall
as food resources become more limited (Lindzey and Meslow 1976, Amstrup and Beecham
1976, Ayres et al. 1986, Beecham and Rohlman 1994). In the presence of perceived threat,
however, several studies on western black bears have found bears to shift to more nocturnal
behavior: Beecham and Rohlman (1994) and Beckman and Berger (2003) found that bears in
natural settings were most active during crepuscular hours, whereas in close proximity to
consistent human presence (e.g. urban interface, camp grounds), black bears showed shorter
periods of activity and switched to more nocturnal behavior (Ayres et al 1986). If bears within
my study area were responding to breeding season and food availability similarly to other wild
bear populations, I predicted they would be most active and more crepuscular or diurnal in
summer and early fall. If these bears are also responding to human presence, though, I would
predict they would be less active or more nocturnal in areas and at times where traffic volume is
highest, presumably near roads during hunting seasons (archery seasons ran 30 October - 30
September, and any weapon 10 October – 3 November; IDFG 2008). Within my study area,
however, 3 attributes of roads could potentially cause bears to remain in close proximity
throughout the year: 1) roads may too ubiquitous for bears to avoid all together, 2) roads within
the study area often run along riparian areas and ridges, and through open areas (e.g., old logged
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areas), such that they bisect important foraging areas later in the summer and fall, and 3) roads
may represent a path of least resistance, and are therefore used as travel routes. Thus I
hypothesized that bears would not be able to avoid roads entirely, and would instead be forced to
adjust their behavior accordingly to minimize the associated risks. Because females have been
shown to be more sensitive to disturbances than males, I predicted females would exhibit more
pronounced seasonal shifts in activity patterns in response to roads than males (Young and
Beecham 1986, Reynolds-Hogland and Mitchell 2007a). I hypothesized that bears response to
roads would be similar to their response to more consistent human presence, e.g. urban interface
and campgrounds. As opposed to previous findings for bears in natural settings, therefore, I
predicted that in areas near roads during fall hunting season, diurnal movement rates would
decrease and nocturnal movement rates would increase. Similarly, I predicted that bears would
be furthest away from roads during diurnal hours, and venture closer to roads at night during
hunting seasons. Finally, I predicted that if the proportion of time spent near roads has an effect
on mortality (Friar et al. 2008), bears would spend the majority of time near roads during
nocturnal hours to minimize mortality risk during hunting season.
STUDY AREA
My study area was located in the Coeur d’Alene Mountains of the Idaho Panhandle National
Forests of Idaho, USA, encompassing approximately 966 km2 of forested land and a large river
system (Figure 1). Elevation with the study area ranges from 750 – 2000 meters. Mixed conifer
forests of Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), grand fir
(Abies grandis), western red cedar (Thuja plicata), and western hemlock (Tsuga heterophylla)
dominated elevations below 1,300 m and Engelmann spruce (Picea engelmannii), lodgepole pine
(P. contorta), subalpine fir (Abies lasiocarpa) and mountain hemlock (T. mertensiana)
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dominated elevations above 1,300 m. Understory vegetation consisted primarily of thinleaf
huckleberry (Vaccinium membranaceum), serviceberry (Amelanchier alnifolia), mountain ash
(Sorbus scopulinus), blue elderberry (Sambuca cerulia), pacific ninebark (Physocarpus
capitatus), oceanspray (Holodiscus discolor), and shinyleaf ceanothus (Ceanothus velutinus).
The area is almost entirely of U.S. Forest Service ownership, with the exception of small blocks
of private in-holdings along several creek bottoms. No significant burns have occurred within the
area since 1910, and the area has not been logged within the past 20 years. Old cut blocks are
represented by dense shrub and uniform tree regeneration growth. A large number of roads
within the study area have been decommissioned or closed over the past 10 years. Roads
currently open to motorized use within the study area consist primarily of class 2 and class 3 US
Forest Service roads (deemed passable by high clearance and passenger vehicles respectively by
US Forest Service standards), with one main 2-lane paved road system along the main river
bottoms. Mean annual rainfall is 66 cm, and mean annual snowfall is 127 cm.
METHODS
Trapping and Handling
I used Aldrich foot snares, modified for bear safety (Johnson and Pelton 1980), to capture bears
from June through August of 2007 and 2008 (Figure 2). I anesthetized captured bears using a
Telazol/Xylazine combination, administered at 3.15 mg/kg Telazol and 1.83 mg/kg Xylazine. I
reversed Xylazine with Tolazoline at 100 mg/ml. I administered initial dosages using a PneuDart 178 pump rifle (Pneu-Dart Inc, Williamsport, PA), and used a jab stick or hand injected
supplemental and reversal dosages. I placed numbered ear tags in ears, recorded general
morphological measurements, and monitored vital rates of each anesthetized bear. Oxygen was
administered throughout captures. I extracted the first premolar (upper or lower) from each bear
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for cementum annuli aging (Matson's Laboratory, Milltown, MT, USA). Female bears weighing
over 35 kg and male bears weighing over 60 kg and estimated ≥ 5 years of age were fitted with a
Lotek 3300L GPS collar (Lotek, New Market, Ontario, Canada). All collars had a timed release
mechanism and a cotton spacer which would rot off within two years in case the release failed.
Capture and handling of bears was conducted under protocol AUP 052-06 approved by the
Institutional Animal Care and Use Committee of the University of Montana.
Telemetry and Data Acquisition
I programmed GPS collars to obtain fixes (GPS point locations) at 20-minute intervals from the
date of capture until 1 November of each year, when bears were likely to be denned. To retrieve
collars and obtain the data stored on board, I located bears throughout late fall and early winter
via aerial and ground telemetry until all collared bears were denned. Dens were located via aerial
telemetry in January, and then located on the ground during February. Beginning in early March,
I entered dens and immobilized bears to retrieve collars. I also retrieved dropped collars and
collars of harvested bears.
Road Data
I compiled road data from the US Forest Service Northern Region Geospatial Library (USDA
2006). I calculated road density at 30 m resolution using a moving window across a 1000 m
radius using the spatial analyst tool for ArcGIS (ESRI, 1999-2008). I used TrafX road counters
to obtain daily vehicle traffic volumes on 11 dirt roads and the 1 main paved road throughout the
summer and fall (© TRAFx Research Ltd., Canmore, Alberta 2001 – 2007). I included only
roads open to motorized vehicles in analyses of road density and distance roads. I used a 1000m
radius moving window to calculate road density for each pixel (30m). For “distance to road” I
classified roads based on location and predicted traffic volume as paved, primary dirt (well
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maintained transition from paved along main river corridor, predicted high traffic relatively high
volumes) and secondary dirt (dirt roads throughout the study area, predicted relatively low traffic
volume). To represent the actual number of vehicles in the study area on each class of road, I
adjusted recorded traffic volumes by the length of each road type (vehicles/day x 1000 km of
road). Forman et al. (2000) identified a nationwide “road effect zone” of 200 m for secondary
roads. I assumed roads within my study area generally had less traffic than secondary roads
nationwide, so I set this as a maximum potential buffer width. Lewis et al. (2007) found Lotek
3300L GPS collars to have a mean location error of 14.3 m (SD = 3.18m), with 95% of all
locations falling within a radius of 106.8m. To minimize the effects of GPS error, I set that as a
minimum width. Lastly, to reduce GIS pixel overlap within my buffer, the width needed to be a
multiple of my map resolution, or 30 m. To accommodate all of these parameters, I selected a
buffer width of 120 m. Within this 120 m buffer, I examined activity rate, average distance to
roads, and the proportion of time bears spent near roads.
Habitat selection
For both 2nd and 3rd order analyses I selected covariates that I believed would be of potential
ecological significance based on previous black bear research (e.g. Beecham and Rohlman 1994,
Lindzey and Meslow 1997, Lyons et al. 2003, Gaines et al. 2005) and personal observations.
These included slope, aspect, elevation, canopy cover and distance to water. I included road
density and distance to road for 2nd and 3rd order analyses respectively. I obtained elevation from
digital elevation models (DEMs; USGS National Elevation Dataset 2006), and calculated slope
and aspect using the Spatial Analyst extension for ArcGIS. I used the Beers transformation for
aspect (cos (Amax- A) + 1, where A = aspect in degrees magnetic; Beers et al. 1966), which gave
south facing aspects a value of 2, descending in either direction to north facing aspects which
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had a value of 0. I used percent canopy cover data from the National Land Cover Data (NLCD;
Multi-Resolution Land Characteristics Consortium, 2001). I used road and watershed layers from
the USDA Forest Service Northern Region Geospatial Library (USDA Forest Service 2006), and
calculated distances to roads and water using spatial analyst for ArcGIS. All habitat layers used
were projected at 30 m resolution. With these covariates I used logistic regression to generate
resource selection functions (RSFs; Boyce et al. 2002, Manly et al. 2002) for male and female
bears at each temporal and spatial scale of analysis (i.e. 2nd order, 3rd order, by month and by
time of day). These functions estimate the relative probability of use, W(x):
W(x) = exp (β0 + β1X1 + β2X2 + … βPXP)
where β0 is a constant and βi are the estimated coefficients for the Xi predictor variables or habitat
covariates (Manley et al. 2002). I generated RSFs using mixed effects logistic regression with a
random intercept added for each bear to account for unbalanced sampling as well as correlation
between locations of an individual (xtlogit STATA 10.0, StataCorp. 2007; Gillies et al. 2006,
Hebblewhite and Merrill 2008). At each scale, I started with a global model including all a priori
habitat covariates and used backwards-stepwise selection process to estimate the best model (e.g.
Hosmer & Lemeshow 2000, Hebblewhite & Merrill 2007, Atwood & Gese 2010). The
appropriateness of using the area under the Receiver Operating Curve (ROC) for “use vs.
available” designs such as RSFs has been questioned (Boyce et al. 2002), whereas Boyce’s
approach of k-folds cross validation has been shown to be overly generous in assessing the
predictive capabilities of models. To account for each of these issues, I used ROC scores to
assess model fit and k-fold cross validation to assess the predictive capabilities of the model.
ROC scores assess a model’s ability to discern positive (used) from negative (available)
outcomes, with a score of 0.7 – 0.8 considered acceptable, 0.8 – 0.9 excellent, and anything ≥ 0.9
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outstanding (Hosmer and Lemeshow 2000). Boyce et al.’s (2002) k-fold cross validation assesses
a model’s predictive capabilities using averaged Spearman rank correlation coefficients (rs ;
Hosmer & Lemeshow 2000, Boyce et al. 2002), with an mean rs ≥ 0.85 considered acceptable
(Boyce et al. 2002, Boyce et al. 2006).
2nd Order.— I assessed home range selection annually for both males and females, and included
slope, elevation, aspect, distance to water, canopy cover and road density in my analyses. I used
only data from collars that were worn for at least 4 sequential months between May and
November (n = 26). I defined available habitat at this scale by buffering all locations for a given
sex by the mean distance moved over a 24 hour period (females = 6010 m, males = 6789 m). I
generated 3 random “available” locations per used location for each bear within these buffers.
3rd order.—I conducted 3rd order analyses on an annual basis, by month, and by time of day for
both males and females. To define availability at this scale I buffered used locations by the
associated individual step lengths (distance traveled between subsequent 20 minute GPS
location). This created a spatial measure of availability defined by known movement parameters,
obviating the need to select a smoothing factor to estimate home ranges. I dissolved these buffers
to create a measure of availability for annual, monthly and daily analyses, and generated 2
random available locations for each used location. I included slope, aspect, elevation, distance to
water, canopy cover, and distance to road as habitat covariates. To assess variation in habitat
selection throughout the year I broke the period from 1 May through 31 October down by month.
To evaluate variation in habitat variables relating to security (canopy cover and distance to road)
throughout the course of a day, I classified crepuscular, diurnal, and nocturnal periods. These
periods were based on a daily sunrise and sunset to account for shifts in daylight hours
throughout the course of the spring, summer and fall months. Activity periods were defined as
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diurnal = one half hour after sunrise to one half hour before sunset, nocturnal = one half hour
after sunset to one half hour before sunrise, and crepuscular = 1 hour before and 3 hours after
sunrise and sunset.
Movement Rates and Activity Patterns
I identified movement rates as the average distance moved between sequential GPS locations, or
step length, which was programmed to be 20 minutes. I calculated average movement rates
annually, monthly, and by daily activity periods for the population as a whole as well as for
males and females separately (STATA 10.0; StataCorp 2007). To account for potential lack of
independence of locations within or between individual bears, I blocked the data by month, and
used the individual bear as a cluster, which allows calculation of robust standard errors (Rogers
1993, Williams 2000, Boyce et al. 2002). I repeated this analysis for locations within the road
buffer. I partitioned the day into diurnal, nocturnal, and crepuscular periods, based on daily
sunrise and sunset tables.
Distance to Road.—I calculated distance to roads for all bear locations using the distance tool in
the Spatial Analyst extension of ArcMap 9.3 (ESRI, 1999-2008). I used STATA 10.0 to calculate
mean distances to roads and standard errors for each sex by activity period, blocked by month
and clustered by individual bear.
Use of Road Buffer by Activity Period.— Within the 120 m buffer, I assessed proportion of time
spent by activity period as the number of locations within 120 m during a given activity period
against the total number of locations within 120 m, again by month and by sex. I similarly
calculated proportion of time spent within 240 m and 60 m of a road to see if any patterns
present at 120 m became more or less pronounced as distance to roads varied. As a simple
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measure of use versus availability within the 120 m buffer, I calculated proportion of time spent
within this buffer versus all locations for a given month for each sex.
RESULTS
Trapping and Handling
Between 2007 and 2008, I built a total of 74 snare sets (51 in 2007, 23 in 2008; Figure 2) and
captured a total of 43 individual black bears (18 females, 25 males) ranging from 1.5 to 27.5
years of age at the time of capture. The mean estimated age of male bears captured was 5.3 years
(range = 1.5 – 17.5), with a mean weight of 57.5 kg (SD = 27.2 kg). The mean estimated age of
females captured was 9.8 years (range = 1.5 – 27.5), with a mean weight of 52.1 kg (SD = 18.3
kg). Of the 13 female bears captured in 2007, 5 had been previously captured in 1999 as part of a
population study conducted by the IDFG. Out of the 43 individuals captured, I placed GPS
collars on a total of 28 individual black bears (14 females, 14 males). With recollared bears, this
equated to a total of 36 bear years. The mean estimated age of male bears collared was 7.2 years
(range = 4.5 – 17.5), with a mean weight of 75.9 kg (SD = 14.4 kg). The mean estimated age of
females collared was 10.3 years (range = 2.5 – 18.5), with a mean weight of 56.3 kg (SD = 15.7
kg). Of these females, 4 were found in their den with cubs of the year, and 3 were observed with
at least 1 yearling cub during the study. Only 1 female with a yearling cub in 2007 was
confirmed to still have that cub in 2008. Dens of other females with cubs in 2007 were not
revisited in 2008, as most collars dropped prior to denning.
Telemetry and Data Acquisition
Of the 36 collars I deployed, I was able to retrieve 33 through den work, locating dropped
collars, and harvested bears. The 3 collars I did not recover malfunctioned, presumably while
still on the bear. Of the 33 collars retrieved, 1 was destroyed when the bear was shot by a hunter,
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3 did not contain enough data for analysis, and 4 additional collars were found to have a software
malfunction in 2008 that resulted in the schedule defaulting to a 4hr acquisition rate. To
maximize sample size for 2nd order analyses, I subsampled the 20-minute interval data at 4hr
intervals resulting in 16,633 used locations from 26 collars, with a mean of 640 locations per
individual (range = 358 – 1062). For 3rd order analyses I used data only from collars that
remained on the 20 minute schedule, resulting in a total of 171,333 used locations from 25
collars, with a mean number of locations per individual of 6,853 (range = 3,086 – 11,084).
Road Data
Road density within my study area ranged from 0 to 11.9 km / km2 (mean = 0.94, SD = 1.24).
Traffic volumes for each of the road classes were as follows: Paved = 90 km; 34 to 463 vehicles
per day from July through October, mean = 154 vehicles per day, SD = 95. Primary dirt = 67 km;
7 to 133 vehicles per day, mean = 46, SD = 26.90, and secondary dirt = 1,165 km; 0 to 87
vehicles per day, mean = 12.50, SD = 12.30 (Figures 3, 4).
Habitat Selection
Second Order.— Backwards-stepwise selection produced models that performed well for both
males and females (ROC = 0.83 for each) with strong predictive capabilities (mean rs = 0.98, SE
< 0.00 and mean rs = 0.97, SE = 0.01 respectively). Both males and females showed significant
selection for gentle slopes, relatively high elevations, and south facing aspects (Appendix A).
Males showed significant selection for sparse canopy cover while females selected for dense
canopy cover and areas close to water (Appendix A). The effect of road density was not
statistically significant for either males or females.
3rd Order—The annual RSF for males showed excellent fit (ROC = 0.84) and strong predictive
capabilities (rs = 0.99, SE < 0.00 ), and indicated selection for moderate slopes, south facing
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aspects, dense canopy, high elevation, and areas close to water and roads (Appendix B). The
annual 3rd order RSF for females showed excellent model fit (ROC = 0.83) and strong predictive
capabilities (mean rs = 0.99, SE < 0.00), indicating selection for moderate, high elevation south
facing slopes, dense canopy, and areas relatively close to water and far from roads (Appendix B).
RSFs for each month showed excellent discrimination (ROC ≥ 0.80) and good predictive
capabilities (mean rs ≥ 0.86). When broken down by month, discrimination remained high (ROC
≥ 0.80), but several models indicated lower predictive capabilities (mean rs ≥ 0.79). Throughout
the year, males and females selected for moderate slopes (Appendix 3). Males selected for south
facing slopes in May, but showed no selection for the remainder of the year (Appendix C).
Females selected for south facing slopes in May, September, and October, while selecting for
north facing slopes in June, and showing no selection in August (Appendix C). Both males and
females selected relatively high elevations from May through September, with females selecting
for low elevations in October (Appendix C). Males maintained fairly consistent moderate
selection for areas close to water throughout the year (Appendix C). Females consistently
showed stronger selection for areas close to water than males, with strongest selection occurring
in May, decreased from June through October, and increased again in October (Appendix C).
Males selected open canopy in July, whereas females selected open canopy in October (Figure 5,
Appendix C). Females showed stronger selection for canopy than males in every month. Both
males and females showed strongest positive selection for canopy in June and September (Figure
5, Appendix C). Male selection for roads fluctuated by month, selecting areas further from roads
in May and July, while avoiding roads in June and September (Figure 5, Appendix C). Females
avoided roads in May, June, and August, and selected areas closer to roads in September (Figure
5, Appendix C).
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Selection of canopy cover by both males and females by activity period mirrored overall
monthly selection, and both selected heavier canopy cover during nocturnal hours throughout the
year (Figure 6). Males strongly avoided roads during diurnal hours in May and October (Figure
7). Selection for distance to roads by males showed more variation between activity periods than
females, and males selected areas relatively close to roads during nocturnal hours than diurnal in
every month but July (Figure 7). Selection by females for distance roads varied slightly, but
showed a similar trend as the overall monthly selection, moving closer to roads later in the year
(Figure 7).
Movement Rates and Activity Patterns
The overall mean GPS interval (step) throughout the study was 23 minutes (SD = 15.6). Average
movement rates of males were higher than that of females in all months except August. Both
male and female movement rates were lowest in May. Males peaked in June, whereas females
peaked in July and August. Both males and females declined through September and October
(Figure 8). Male bears were more active diurnally May through July, but became more active
during crepuscular hours from August through October (Figure 8). Nocturnal activity rates were
the lowest of the 3 activity periods from May through September. Nocturnal activity increased
throughout the year however, and surpassed diurnal activity by mid-September. Females were
most active diurnally May into July, but became more active during crepuscular hours for the
remainder of the year (Figure 8). Both crepuscular and diurnal activity levels were very similar
to overall activity levels, whereas nocturnal activity remained consistently low throughout
(Figure 8). Within the 120 m road buffer, the general pattern in activity rates for male and female
bears did not change. Activity levels month to month were less variable, and the disparity in
activity level between activity periods was also less pronounced (Figure 9). Males remained least
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active during nocturnal hours up until September and October, by which time activity levels
were nearly uniform across activity periods (Figure 9). Females again remained least active
during nocturnal hours throughout the entire year (Figure 9).
Distance to Roads.— Bears spent only intermittent time within 120 m of paved and primary dirt
roads, so I combined all 3 classes of roads and used distance to any road in my analyses. From
May until August, male bears showed minimal variation in the mean distance from a road within
the 120 m buffer between activity periods. From August through October however, showed
increasing divergence between the activity periods with male bears being closest to roads during
nocturnal hours and furthest from roads during diurnal hours (Figure 10). Female bears showed
no apparent pattern in the mean distance from a road within the 120 m buffer regardless of
activity period (Figure 10).
Use of Road Buffer by Activity Period.— At a latitude of 47.84436 m (UTM NAD83) the
duration of each activity period fluctuated throughout the year (Figure 11). From May through
July, male bears spent roughly proportional amounts of time in each activity period within 120 m
of a road. From August through October, males spent a disproportionately high amount of time
within 120 m of a road during nocturnal hours (Figure 11). At 240 m, nocturnal use was slightly
disproportionately high, with diurnal use slightly low (Figure 11). This disparity increased when
viewed within 120m (Figure 11). At 60 m, the amount of time spent in each activity period was
even more disproportionate, with male bears spending over 60% of their use inside this area
occurring nocturnally (Figure 11). The amount of time female bears were within 120 m and 240
m of a road was nearly proportional to activity period length (Figure 12). The amount of time
females spent within 60 m of a road was only slightly disproportionate in September and
October, with nocturnal use of this area accounting for just over 40% (Figure 12). Overall, male
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bears used areas within 120 m of roads less than they were available across all activity periods,
with diurnal use being the lowest of the three in all months except July (Figure 13). Females
generally used areas within 120 m of a road slightly more than available during nocturnal hours,
roughly in proportion to their availability during crepuscular hours, and consistently less than
available during diurnal hours (Figure 13).
DISCUSSION
My research integrated a multi-scale approach to habitat selection with analyses of movement
rates and activity patterns to provide a more complete assessment of the effects of forest roads on
black bears. By combining these approaches I was able to demonstrate that while bears did not
chose to or were not able to avoid roads all together, they did appear to be making choices that
provided them access to ostensibly important resources while minimizing potential risks. This
approach also provided insight into how male and female bears responded differently to factors
associated with risk of human mortality (cover and distance to roads), and how these responses
were manifested at different spatial and temporal scales.
The trade-off between access to food resources and security has been well documented
for many species (e.g. caribou, Siep 2006; elk, Hebblewhite and Merrill 2009; moose, [Alces
alces], Herfindal et al. 2009; grizzly bears, Nielsen et al. 2006; wolves, Hebblewhite and Merrill
2008). Black bears likely face a similar choice throughout their range where open areas and seral
communities have been shown to provide the most productive forage throughout much of the
year and often represent feeding sites (Lindzey and Meslow 1977, Zager et al. 1983, Young and
Beecham 1986). Areas of dense canopy cover, conversely, are generally less productive but offer
more protection, and are often used as bedding sites (Herrero 1972, Young and Beecham 1986,
Beecham and Rohlman 1994). In my study area, males selected for more open areas whereas
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female bears selected for dense canopy cover when selecting home ranges (2nd order selection).
That selection for open areas by males suggests that availability of food, as opposed to risk
avoidance, may be driving habitat selection. Selection of dense canopy cover by females
suggests that protection, especially for females with cubs, may be outweighing access to higher
quality forage.
That roads had no effect on 2nd order selection of either males or females was contrary to
my hypothesis that females would select for areas of lower road density. These results for
females, however, are in accordance with findings of Lewis (2007) that forest roads were used in
proportion to their availability in home range selection by female black bears. I posit the lack of
selection in my study, however, may have also been related to 2 alternative factors: 1) 2nd order
selection in my research may have been skewed towards more heavily roaded areas by the fact
that despite efforts, I caught no bears in one portion of my study areas containing some of the
lowest road densities. These areas were still considered available habitat yet yielded no used
locations. This may have skewed the distribution of used vs. available locations in relation to
road density and potentially hidden a selection for areas with lower road densities. 2) The areas I
did have collared bears had fairly uniform distribution of road densities, indicating that whereas
female black bears are presumed to have smaller home ranges than males, at these road densities
female black bears were unable to avoid roads altogether when selecting home ranges. Although
anecdotal, spatial data from my research suggested that female home ranges often had roads
along the periphery, but fewer roads bisecting them (Figure 14).
Males and females exhibited differential priorities in habitat selection within their home
ranges as well. As with open areas that are often more productive than those with dense canopy
cover, bears may also be drawn to roads and roadsides as travel corridors or because food
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resources often grow in these disturbed and more open areas (Jonkel & Cowan 1971, Unsworth
et al. 1989, Hellgren et al. 1991, Reynolds-Hogland and Mitchell 2007, Roever et al. 2008). As
with open areas however, areas near roads are often associated with increased risks (Manville
1983, Hayes et al. 2002, Fair et al. 2008). Whereas road density had no effect on home range
selection for either sex, male black bears in my study area selected for areas close to roads within
their home ranges. This again suggests that the risks associated with these areas are not enough
to keep males away entirely from whatever resources they might contain. Within their home
ranges, however, while selecting areas closer to roads males also selected for denser canopy
cover. This implies that while the importance of the resources in these areas still trumps the
potential risks, security within these areas may also be a factor. A similar pattern was found by
Dussault et al. (2006) for moose, where cover was a prominent component of habitat suitability
at larger scales while food became more important at smaller scales, especially for males.
Like males, female selection for dense canopy cover increased inside their home ranges.
Unlike males, however, females selected areas further from roads indicating that while
potentially unavoidable on the larger scale of home range selection, roads present sufficient risk
to induce avoidance at this finer scale. This would enhance the argument that when balancing the
risks and rewards of access to food, food resources may be higher priority for males whereas
security may be more of a concern for females. These findings are similar to Young and
Beecham (1986) and Beecham and Rohlman (1994) who found female black bears avoided roads
while males used them in proportion to their availability. They also suggested that more mobile
males might use roads as travel corridors, thus explaining some of the selection for roads. While
I was unable to address this behavior specifically, I did not see extensive use of roads themselves
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by either sex in my data, and found very little sign or bears on roads over three years of my
study.
Assessing the effects of distance to roads and canopy cover by time of day throughout the
year supports the assertion that bears appeared to be faced with a tradeoff between the costs and
benefits associated with spending time adjacent to roads. At no point throughout the course of
the study did bears show negative selection for both canopy cover and distance to roads. In other
words, during any month and at any time of day that bears showed negative selection for
distance to roads (i.e. used areas close to roads more than they were available), they did so in
areas of dense canopy cover. These findings further the idea that while roads, or areas adjacent to
them, serve some important function for bears, the risks associated with these areas are such that
bears use these areas at times of day when the risks are lowest, or in combination with habitat
that provides suitable cover.
Whereas overall movement rates within my study area were similar to previous bear
research, the increase in nocturnal movement rates and shift to primarily nocturnal activity of
males from late summer into fall were not consistent with previous findings (Amstrup and
Beecham 1976, Beecham and Rohlman 1994, Pelton 2000). Increases in nocturnal activity have
been reported in bears in the eastern U.S. (Garshelis and Pelton 1980). That shifts in activity
patterns in areas adjacent to roads (i.e. distance and proportion of time spent) were more
pronounced in adult males than females was contrary both to my hypotheses and to most
previous research on bears in natural settings (e.g. Bunnell and Tait 1985, Young and Beecham
1986, Reynolds-Hogland and Mitchell 2007a). These behaviors by males were more similar to
those identified in bears exposed to increased levels of threats or bears exposed to consistent
quantities of people than what has generally been observed by bears in natural settings. Black
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bears feeding on coastal streams in British Columbia were found to shift from diurnal or
crepuscular foraging, to nocturnal foraging in the presence of grizzlies (MacHutchon et al. 1998).
Black bears have shown similar shifts to nocturnal behavior when consistently near large
numbers of humans (major camp grounds in Sequoia National park; Ayres et al. 1986, and the
urban interface of a large metropolitan center; Beckman and Burger 2003), to which bears are
drawn because of food resources. As my study area had neither of these, the responses I observed
indicate that either black bears may be more sensitive to ephemeral human disturbances (e.g.,
dirt roads) than previously thought, or that the traffic volume in the Coeur d’Alene Mountains
represents enough of a disturbance to elicit responses generally not associated with bears and dirt
roads. Either of these indications may be of consequence when considering the importance of
foraging and weight gain to bears. Whereas bear hunting and foraging are generally attributed to
olfactory cues, it has also been suggested that bears rely at least in part on visual cues at close
range for foraging success (Bacon and Burghardt 1976a, Bacon and Burghardt 1976b, Garshelis
and Pelton 1980, French and French 1990). If this is the case, daylight hours would be optimal
for feeding on resources such as berries and other vegetation that are more tied to visual
detection (Lariviere et al. 1994, MacHutchon et al. 1998). If bears are shifting behavior patterns
and becoming more nocturnal in response to roads, foraging efficiency may be reduced,
potentially negatively affecting a bear’s ability to build up necessary protein and fat levels.
It has become widely accepted that ecological processes such as habitat selection are
based on decisions made by animals and that these decisions are often dependent on spatial and
temporal resolution (e.g. Senft et al. 1987, Hobbs 2003, Boyce et al. 2003, Dussault et al 2006).
Furthermore, in heterogeneous landscapes these decisions are often nested among scales in a
hierarchical manner (e.g. Senft et al. 1987, Wiens 1989, Schaefer and Messier 1995, Hobbs
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2003). My assessment of factors contributing to mortality risk associated with humans (canopy
cover and distance to roads) exemplified the importance of including multiple spatial and
temporal scales in habitat selection analyses. If I had asked only about 2nd order habitat selection,
I would have surmised that roads do not affect habitat selection by black bears, regardless of sex.
This, however, could be similar to the relationship seen in many predator –prey scenarios, where
prey may overlap spatially with predators at large scales but show spatial or temporal avoidance
of predators at finer scales (Lewis and Murray 1993, Hobbs 2003, Anderson et al. 2005). By
annual 3rd order selection alone, I would have concluded that male black bears select for areas
closer to roads, but been able to offer no information on how that changed throughout the course
of the year. This same analysis conducted only by month and time of day would have resulted in
fluctuating responses to roads and cover, but offered no insight into the mechanics of these
selections. It was not until these factors were combined across multiple scales, that the intricacies
of the selection process by bears became evident.
MANAGEMENT IMPLICATIONS
My research on black bears indicates that selection for factors associated with mortality risk vary
by sex, time of year, and time of day. Furthermore, these influences on selection are likely to
vary at different spatial and temporal scales. These sources of variation should be taken into
consideration by agencies that manage land use as well as those that manage hunting seasons:
manipulating timing and location of road access as well as canopy cover in adjacent areas may
be useful tools in the management of the species. If the management objective is to reduce
pressure, creating buffer zones around roads open to hunters likely reduces risks associated with
these roads and minimizes areas and resources avoided by animals. Similarly, seasonal road
closures may reduce pressure on animals in areas of important resources at times of year when
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foraging efficiency is at a premium. Conversely, if the objectives are to increase harvest,
increasing access in these areas or designing hunting seasons to overlap with timing of limited
food resources or hyperphagia may make bears more accessible to hunters.
Within hunted populations, adult males are widely considered to be most vulnerable to
harvest due to boldness and larger home ranges (e.g., Young and Beecham 1986, Bunnell and
Tait 1980, Beecham and Rohlman 1994). Taking this into account, managers use the percentage
of males ≥5 years old in the annual harvest data as an indicator of population harvest levels
(IDFG 1998). Harvest data for this area, however, has shown a sex ratio that on average has been
skewed towards females (IDFG 1998). Moreover, whereas males select for areas close to roads
at various spatial and temporal scales, they make up merely 26% of the harvest (IDFG 1998).
Based on these data and my results, I hypothesize that older adult males (7-8 years and up) are
actually less susceptible to harvest than younger adult (4-6 year old) males, and that the older
bears have learned not to avoid roads altogether, but how to negotiate them safely. In this case,
measuring the effect of harvest on populations by the percentage of all males ≥5 years old may
be misleading.
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FIGURE CAPTIONS
Figure 1. Locator map showing my study area within the North Fork of the Coeur d’Alene River
drainage in northern Idaho, USA 2007 and 2008.
Figure 2. Study area depicting snare sets (■) in the North Fork of the Coeur d’Alene River
drainage in northern Idaho, USA 2007 and 2008.
Figure 3. Study area depicting paved (

), primary dirt (

), and secondary dirt (

) roads in

the North Fork of the Coeur d’Alene River drainage in northern Idaho, USA 2007 and 2008.
Figure 4. Weekly maximum traffic volumes (vehicles/day) on paved as well as primary and
secondary dirt roads adjusted by length of road type (traffic volume x road length/1000) in the
North Fork of the Coeur d’Alene River drainage in northern Idaho, USA 2007 and 2008
Figure 5. Beta coefficients and 95% confidence intervals by month for (A) Slope and (B) Aspect
in the North Fork of the Coeur d’Alene River drainage in northern Idaho, USA 2007 and 2008.
Figure 6. Beta coefficients and 95% confidence intervals by month for (A) Elevation and (B)
Distance to water in the North Fork of the Coeur d’Alene River drainage in northern Idaho, USA
2007 and 2008.
Figure 7. Beta coefficients and 95% confidence intervals by month for (A) Canopy cover and (B)
Distance to road in the North Fork of the Coeur d’Alene River drainage in northern Idaho, USA
2007 and 2008.
Figure 8. Beta coefficients and 95% confidence intervals for canopy cover by month and activity
for (A) males and (B) females in the North Fork of the Coeur d’Alene River drainage in northern
Idaho, USA 2007 and 2008.
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Figure 9. Beta coefficients and 95% confidence intervals for distance to road by month and
activity for (A) males and (B) females in the North Fork of the Coeur d’Alene River drainage in
northern Idaho, USA 2007 and 2008.
Figure 10. Average distance moved (m) and standard errors for black bears per 20 minute
interval (step) in the North Fork of the Coeur d’Alene River drainage in northern Idaho, USA
2007 and 2008. (A) Male and females, (B) Males by activity period, (C) Females by activity
period.
Figure 11. Average distance moved (m) and standard errors for black bears per 20 minute
interval (step) within a 120 m buffer around roads in the North Fork of the Coeur d’Alene River
drainage in northern Idaho, USA 2007 and 2008. (A) Males and females, (B) Males by activity
period, (C) Females by activity period
Figure 12. Mean distance (m) of bears with standard errors, to roads within the 120 m buffer in
the North Fork of the Coeur d’Alene River drainage in northern Idaho, USA 2007 and 2008. (A)
Males, (B) Females
Figure 13. Proportional breakdown by activity periods within a 24 hour day in the North Fork of
the Coeur d’Alene River drainage in northern Idaho, USA 2007 and 2008. (A) Activity period,
(B) Proportion of locations per activity period of male bears within 240 m of roads, (C)
Proportion of locations per activity period of male bears within 120 m of roads, (D) Proportion
of locations per activity period of male bears within 60 m of roads.
Figure 14. Proportional breakdown by activity periods within a 24 hour day in the North Fork of
the Coeur d’Alene River drainage in northern Idaho, USA 2007 and 2008. (A) Time per activity
period, (B) Proportion of locations per activity period of female bears within 240 m or roads, (C)
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Proportion of locations per activity period of female bears within120 m of roads, (D) Proportion
of locations per activity period of female bears within 60 m of roads.
Figure 15. Proportional use of 120 m buffer around roads by activity period versus proportion of
total area covered by 120 m buffer (“Available”) for bears in the North Fork of the Coeur
d’Alene River drainage in northern Idaho, USA 2007 and 2008. (A) Male bears, (B) Female
bears.
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Appendix A. Backwards stepwise model results for 2nd order habitat selection for (a) male and
(b) female black bears in the North Fork of the Coeur d’Alene River drainage in northern Idaho,
USA 2007 and 2008.
(a)
Covariate
Aspect
Slope
Elevation
Canopy
Constant

β Coefficient

Standard Error

z-score

P>|z|

95% Confidence

Interval

0.1266

0.0229

5.5200

0.0000

0.0816

0.1716

-0.0979

0.0014

-72.2800

0.0000

-0.1006

-0.0952

0.0026

0.0001

32.1100

0.0000

0.0025

0.0028

-0.0052

0.0006

-8.5100

0.0000

-0.0064

-0.0040

-1.0843

0.1513

-7.1700

0.0000

-1.3808

-0.7878

β Coefficient

Standard Error

z-score

P>|z|

0.2668

0.0217

12.3200

0.0000

0.2244

0.3093

-0.0847

0.0012

-70.7900

0.0000

-0.0870

-0.0823

0.0019

0.0001

23.0400

0.0000

0.0017

0.0021

-0.0015

0.0001

-24.7900

0.0000

-0.0016

-0.0013

0.0022

0.0006

3.6800

0.0000

0.0010

0.0034

(b)
Covariate
Aspect
Slope
Elevation
Canopy
Constant
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95% Confidence

Interval

Appendix B. Backwards stepwise model results for annual 3rd order habitat selection for (a) male
and (b) female black bears in the North Fork of the Coeur d’Alene River drainage in northern
Idaho, USA 2007 and 2008.
(a)
Covariate
Slope
Elevation
Aspect
Distance to
water
Distance to
road
Canopy
Constant

β Coefficient

Standard Error

z-score

P>|z|

95% Confidence

Interval

-0.1019

0.0005

-218.8900

0.0000

-0.1028

-0.1010

0.0011

<0.0000

32.2100

0.0000

0.0010

0.0012

0.0818

0.0076

10.7300

0.0000

0.0669

0.0968

-0.0011

<0.0000

-46.9200

0.0000

-0.0012

-0.0011

-0.0001

<0.0000

-9.1700

0.0000

-0.0001

-0.0001

0.0022

0.0002

10.8100

0.0000

0.0018

0.0025

1.2657

0.0831

15.2200

0.0000

1.1028

1.4287

β Coefficient

Standard Error

z-score

P>|z|

-0.1070

0.0005

-231.2700

0.0000

-0.1079

-0.1061

0.0015

<0.0000

42.5900

0.0000

0.0015

0.0016

0.1860

0.0076

24.5600

0.0000

0.1711

0.2008

-0.0015

<0.0000

-64.4800

0.0000

-0.0016

-0.0015

0.0002

<0.0000

15.8100

0.0000

0.0002

0.0002

0.0108

0.0002

52.5900

0.0000

0.0104

0.0112

0.2317

0.1525

1.5200

0.1290

-0.0672

0.5306

(b)
Covariate
Slope
Elevation
Aspect
Distance to
water
Distance to
road
Canopy
Constant

57

95% Confidence

Interval

Appendix C. Backwards stepwise model results for 3rd order habitat selection by month for (a)
male and (b) female black bears in the North Fork of the Coeur d’Alene River drainage in
northern Idaho, USA 2007 and 2008.
(a)
May
Covariate
slope
elevation
aspect
Distance to
water
Distance to
road
constant

β Coefficient

Standard
Error

z-score

P>|z|

-0.1413

0.0028

-51.3400

0.0000

-0.1467

-0.1359

0.0044

0.0004

11.6600

0.0000

0.0037

0.0052

0.3212

0.0431

7.4500

0.0000

0.2367

0.4057

-0.0010

0.0002

-5.3900

0.0000

-0.0014

-0.0007

0.0001

0.0001

2.5900

0.0100

0.0000

0.0002

-1.7066

0.5281

-3.2300

0.0010

-2.7418

-0.6715

β Coefficient

Standard
Error

z-score

P>|z|

-0.0991

0.0018

-56.2500

0.0000

-0.1026

-0.0957

0.0017

0.0001

11.9300

0.0000

0.0014

0.0020

-0.0012

0.0001

-10.8600

0.0000

-0.0014

-0.0010

0.0059

0.0008

7.2900

0.0000

0.0043

0.0075

-0.0002

0.0000

-7.2200

0.0000

-0.0002

-0.0001

-1.7066

0.5281

-3.2300

0.0010

-2.7418

-0.6715

95% Confidence

Interval

June
Covariate

95% Confidence

Interval

Slope
Elevation
Distance to
water
Canopy
Distance to
road
Constant
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July
Covariate
Slope
Elevation
Distance to
water
Canopy
Distance to
road
Constant

β Coefficient

Standard Error

z-score

P>|z|

95% Confidence

Interval

-0.1169

0.0012

-101.2600

0.0000

-0.1192

-0.1147

0.0005

0.0001

5.5100

0.0000

0.0003

0.0007

-0.0015

0.0001

-26.4500

0.0000

-0.0016

-0.0014

-0.0041

0.0005

-8.6400

0.0000

-0.0050

-0.0031

0.0002

0.0000

9.7000

0.0000

0.0001

0.0002

2.7744

0.1235

22.4700

0.0000

2.5324

3.0164

β Coefficient

Standard Error

z-score

P>|z|

-0.0938

0.0008

-113.4700

0.0000

-0.0954

-0.0922

0.0011

0.0001

16.0900

0.0000

0.0010

0.0012

-0.0013

0.0000

-29.0200

0.0000

-0.0014

-0.0013

1.2073

0.1151

10.4800

0.0000

0.9816

1.4329

August
Covariate
Slope
Elevation
Distance to
water
Constant
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95% Confidence

Interval

September
Covariate

β Coefficient

Standard Error

z-score

P>|z|

-0.1029

0.0010

-103.2200

0.0000

-0.1048

-0.1009

0.0008

0.0001

9.8400

0.0000

0.0007

0.0010

Distance to
water
Canopy

-0.0011

0.0001

-20.1200

0.0000

-0.0012

-0.0010

0.0090

0.0004

20.3700

0.0000

0.0082

0.0099

Distance to
road
Constant

-0.0001

0.0000

-6.6100

0.0000

-0.0001

-0.0001

1.2407

0.1419

8.7400

0.0000

0.9625

1.5189

β Coefficient

Standard Error

z-score

P>|z|

-0.1197

0.0013

-93.3900

0.0000

-0.1222

-0.1172

0.0012

0.0001

10.3700

0.0000

0.0010

0.0014

-0.0010

0.0001

-18.5400

0.0000

-0.0011

-0.0009

2.1317

0.2019

10.5600

0.0000

1.7360

2.5273

Slope
Elevation

95% Confidence

Interval

October
Covariate
Slope
Elevation
Distance to
water
Constant

60

95% Confidence

Interval

(b)
May

slope

-0.1133

Standard
Error
0.0022

Aspect

0.9651

0.0471

20.4900

0.0000

0.8728

1.0575

Elevation

0.0058

0.0004

16.1200

0.0000

0.0051

0.0065

Distance to
water
Distance to
road
Canopy

-0.0033

0.0002

-15.5500

0.0000

-0.0038

-0.0029

0.0009

0.0001

9.0300

0.0000

0.0007

0.0011

0.0116

0.0012

9.7300

0.0000

0.0093

0.0140

constant

-4.4976

0.5660

-7.9500

0.0000

-5.6069

-3.3883

Covariate

β Coefficient

z-score

P>|z|

95% Confidence

Interval

-51.0400

0.0000

-0.1177

-0.1090

June

slope

-0.1119

Standard
Error
0.0016

Aspect

-0.0640

0.0256

-2.5000

0.0120

-0.1142

-0.0139

0.0021

0.0002

13.4200

0.0000

0.0018

0.0024

Distance to
water
Distance to
road
Canopy

-0.0021

0.0001

-18.0200

0.0000

-0.0024

-0.0019

0.0004

<0.0000

8.5400

0.0000

0.0003

0.0005

0.0163

0.0008

19.8900

0.0000

0.0147

0.0180

constant

-0.5563

0.2181

-2.5500

0.0110

-0.9838

-0.1289

Covariate

Elevation

β Coefficient

61

z-score

P>|z|

95% Confidence

Interval

-68.5800

0.0000

-0.1151

-0.1087

July

slope

-0.1363

Standard
Error
0.0012

Aspect

0.0495

0.0167

2.9600

0.0030

0.0168

0.0822

Elevation

0.0008

0.0001

7.8800

0.0000

0.0006

0.0010

-0.0022

0.0001

-37.1000

0.0000

-0.0023

-0.0021

0.0024

0.0005

4.8600

0.0000

0.0014

0.0034

3.1348

0.1900

16.5000

0.0000

2.7623

3.5073

Covariate

Distance to
water
Canopy
constant

β Coefficient

z-score

P>|z|

95% Confidence

Interval

-114.7500

0.0000

-0.1386

-0.1340

August
Covariate
slope
Elevation
Distance to
water
Distance to
road
Canopy
constant

z-score

P>|z|

-0.1055

Standard
Error
0.0009

-115.3800

0.0000

-0.1073

-0.1037

0.0012

0.0001

15.4000

0.0000

0.0011

0.0014

-0.0019

<0.0000

-40.0700

0.0000

-0.0020

-0.0018

0.0003

<0.0000

11.0200

0.0000

0.0002

0.0003

0.0134

0.0004

34.7000

0.0000

0.0126

0.0141

0.4778

0.2019

2.3700

0.0180

0.0821

0.8735

β Coefficient

62

95% Confidence

Interval

September

slope

-0.1175

Standard
Error
0.0010

Aspect

0.1611

0.0165

9.7700

0.0000

0.1288

0.1934

Elevation

0.0018

0.0001

24.3300

0.0000

0.0016

0.0019

Distance to
water
Distance to
road
Canopy

-0.0011

<0.0000

-25.7200

0.0000

-0.0012

-0.0010

-0.0001

<0.0000

-4.8600

0.0000

-0.0002

-0.0001

0.0159

0.0004

38.7100

0.0000

0.0151

0.0167

constant

-0.0181

0.2250

-0.0800

0.9360

-0.4591

0.4229

Covariate

β Coefficient

z-score

P>|z|

95% Confidence

Interval

-120.1600

0.0000

-0.1194

-0.1156

October

slope

-0.1682

Standard
Error
0.0023

Aspect

0.4307

0.0357

12.0600

0.0000

0.3607

0.5007

Elevation

-0.0003

0.0001

-1.9700

0.0490

-0.0006

0.0000

Distance to
water
Canopy

-0.0014

0.0001

-15.8500

0.0000

-0.0015

-0.0012

-0.0062

0.0008

-8.1600

0.0000

-0.0076

-0.0047

5.6320

0.2632

21.4000

0.0000

5.1161

6.1478

Covariate

constant

β Coefficient

63

z-score

P>|z|

95% Confidence

Interval

-74.4900

0.0000

-0.1726

-0.1637

